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Epigenetic programming - the variation
of the chemical modifications of both
histones and DNA - dictates the inter-
pretation of the genetic code. For
example, different cell types can be
distinguished by their, at least partly,
distinct epigenetic status. Similarly,
tumor cells exhibit epigenetic patterns
that vary from those of normal cells.
These differences in epigenetic pro-
gramming cause concomitant differ-
ences in gene-expression patterns.
DNA methylation is the best-studied
epigenetic marker. In the human genome,
DNA methylation occurs at cytosines
that are located 5’ to guanines, known
as CpG dinucleotides. Abnormal changes
in methylation patterns found in human
cancers include global demethylation of
DNA with simultaneous hypermethyla-
tion of CpG-rich regions called CpG
islands. These islands occur in promo-
ter regions of many tumor suppressor
genes and are usually not methylated in
normal cells [1,2]. Because aberrant
DNA-methylation events are both
stable and abundant in tumors and also
occur in the early stages of tumori-
genesis, detection of hypermethylated
DNA is considered a most promising
tool for the diagnosis of cancer. Special-
ized microarrays, mass spectrometry
and - more recently - ultrahigh-through-
put sequencing procedures provide an
opportunity for comprehensive DNA-
methylation profiling of human cancers
with the eventual aim of identifying selec-
tive markers for early detection [3,4].
Including appropriate control (cancer-
free) samples in the analysis is essential
for the identification of true markers. In
solid tumors, cancer-free tissue found
adjacent to the actual tumor, as well as
normal tissues of the same tissue type
from healthy individuals, are conceiv-
able controls. The former are extensively
used as controls in many laboratories
for the exclusion of methylation patterns
induced by factors such as environmen-
tal influences or aging (see for example
[5-7]). The logic of this is based on the
assumption that cancer-associated
methylation alterations would not have
occurred in the adjacent, apparently
normal tissue. However, this assump-
tion has been challenged by recent
reports that identify altered DNA
methylation in preneoplastic lesions
associated with different tumor types,
including breast cancers [8-10].
Examining normal breast cells from
healthy individuals and cells from
breast tumors, Yan et al. [10] found
hypermethylated loci in breast tumors
that showed no or low methylation in
normal individuals. Notably, these loci
were also frequently hypermethylated
in normal tissues adjacent to the
tumors. Hypermethylation of tumor
suppressor genes has also been
reported in women who are at risk of
developing breast cancer but who do
not have cancer. This abnormal change
occurs more frequently in benign breast
epithelium (that is, epithelium with
non-malignant changes) of women at
high risk for breast cancer than in
people at low risk [8,11]. Strikingly,
abnormally methylated DNA has even
been identified in mammary epithelial
cells with normal morphology in high-
risk women [12]. Moreover, a possible
seminal role for epigenetic abnor-
malities in the earliest steps of cancer
initiation has been emphasized [13,14].
In combination, these findings suggest
a possible cancer-predisposing role for
DNA methylation and support the
emerging evidence for an involvement
of aberrant DNA-methylation patterns
A Ab bs st tr ra ac ct t
It is possible to miss potential DNA methylation markers of tumorigenesis because of the initial
filtering of profiling results on the basis of inappropriate controls.in the proposed ‘field defect’ (or ‘field
cancerization’) concept [15-17]. It is be-
coming clear that hypermethylation of
DNA in normal-appearing tissue located
adjacent to tumors is more prevalent
than previously recognized. Early cancer-
associated methylation patterns might
also have occurred in these tissues.
Therefore, the epigenetic pattern would
not be distinguishable between cancer
samples and such a control (Figure 1).
In consequence, using patient-matched
normal tissues from regions adjacent to
the actual tumor as the sole control is
probably insufficient for the identifi-
cation and selection of methylation
markers for early cancer detection,
although these control samples could be
helpful in finding prognostic or predic-
tive biomarkers.
A practical example of such an early
alteration is hypermethylation of the
gene SFN in breast cancer. While this
gene is hypermethylated in breast
tumors and adjacent normal tissues, the
breast epithelium from cancer-free
individuals contains unmethylated SFN
DNA. However, SFN methylation was
not identified as a potential marker in a
recent comprehensive genome-wide
methylation analysis, because the initial
filtering was referenced only to the
tissues adjacent to the tumors in cancer
patients [6,18,19]. One cannot entirely
exclude the possibility that factors
related to the array-analysis platform,
such as assay sensitivity, might have
contributed to the result. This is very
unlikely, however.
DNA-methylation patterns associated
with cancer development have been
recognized for their potential in clinical
use. They are under study as diagnostic
markers, prognostic factors and predic-
tors of responses to treatment. In
addition, a human epigenome project
has been launched to map all epigenetic
patterns in normal and affected cells
[2,3,20]. The methods and processes
are at hand for specific and sensitive
screening approaches to aid DNA
marker identification. In this Corres-
pondence, we picked breast cancer for
in-depth discussion. However, the
points raised are likely to be valid for
other types of tumors. For all these, the
addition of appropriate cancer-free
control materials to the screening panels
might help in the identification of truly
informative markers and would avoid
missing DNA-methylation markers for
early detection and risk assessment.
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Schematic presentation of the possible variations in the DNA methylation status of a genomic locus
and the conclusions that could be drawn from this information. Plus and minus signs indicate hyper-
and hypomethylation, respectively.
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